Spectroscopic Analysis of Hydrogen Ice Pellet Ablation by M. Goto et al.
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Pellet Ablation 
GOIO, M., Sakamoto, R., Morita, S., Yamada, H. 
An experiment of hydrogen ice pellet injection, which aims 
at finding an efficient particle fueling method for the plasma, 
has been attempted. A pellet has a cylindrical shape having 
both the diameter and length of 3 mm, and is injected into the 
plasma with a speed of about I km/s by high pressure helium 
gas. 
What we are most interested in is a radial distribution of 
the consequent plasma density increase which is expected 
to have a close relation with the ionization mechanism of 
neutral atoms in the pellet. As a pellet penetrates into the 
plasma, it immediately starts to ablate and is simultaneously 
surrounded by a relatively high density plasma, the so-called 
cloud. The cloud emits a strong radiation and this implies in-
tensive atomic processes such as the excitation and ionization 
in it. For a quantitative estimation of the strength of these 
atomic processes, plasma parameters in the cloud are needed. 
For this purpose, a spectroscopic analysis is utilized. Spec-
tra of the emission light from the cloud is observed with an 
optical fiber having a diameter of \00 I'm. An end surface 
of the fiber is located at an outer port of the vacuum cham-
ber to observe the pellet from behind as shown in Fig. I. 
The field of vicw is so wide that whole the light emission 
from an injected pellet is observable. The other end surface 
of the fiber is put at the entrance slit of a UV and visible 
spectrometer (Chromex 500is) and the spectra are recorded 
on a CCO (charge coupled device) detector. The spectrome-
ter has a focal length of 50 em, and a \00 grooves/mm grat-
ing is used for the present observation. The reciprocal wave-
length dispersion is 19.957 nm/mm. The CCO detector con-
sists of 1024 pixels (wavelength direction) x 256 pixels, and 
the each pixel size is 26 I'm x 261'm. Accordingly, the record-
able wavelength range at the same time is about 500 nm and is 
wide enough to include all the Balmer series lines of neutral 
hydrogen. 
The strong radiation from the cloud typically continues 
about 400l'S and spectra are taken every 161's. Figure 2 
shows an example of the observed spectra. The emission 
lines show typical Stark broadening, and n, = 2.2 x 1023 m-3 
is obtained from fittings Of the Balmer f3 and y line shapes. 
The Balmer (l line is found appreciably distorted by the self-
reabsorption effect. 
A significant strength of continuum radiation is also de-
tected and is understood as a superposition of two compo-
nents which accompany the radiative recombination (H+ + 
e -> H + hv) and radiative attachment (H + e -> H- + hv) pro-
cesses, respectively. T, = I eV is inferred from the profiles 
of the continuum radiation and the absolute intensities of the 
two components yield the plasma volume, V = 3.5 X 10-6 m3, 
and the neutral atom density, nH = 1.8 x 10" m-'. The ratio 
of the proton denSity, which is assumed to be equal to nO. and 
neutral atom density suggests the plasma condition is near to 
a complete LTE. 
From these results we try to understand the distorted 
Balmer (l line profile with a help of one-dimensional radi-
ation transport model. It is assumed that both the emis-
sion and absorption profiles have the sarne Stark profile with 
n, = 2.2 X 1023 m-3 and that all the excited levels are in LTE 
and their population densities are determined by the Saha-
Boltzmann equation. The synthetic profile well reproduces 
the experimental data when the plasma length in the direction 
of our line-of-sight is 2.4 mm. Though this length seems too 
short as compared with the already obtained plasma volume 
(3.5 cm3), the apparent inconsistency may be explained by the 
fact that the cloud is appreciably elongated in the direction of 
the magnetic field which is near perpendicular to the line-of-
sight. 
Fig. 1: Trajectory of the injected pellet. The gray area indi-
cates the field of view of our observation. 
experiment 
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Fig. 2: Example of the observed spectra. For the synthetic 
data, Te ;;;; 1 eV, ne ;;;; nj ;;;; 2.2 X 1023 rn-3, and nH . ;;;; 
1.8x 10" m-3 are used. pR and pA stand for the radiations ac-
companying the radiative recombination and attachment pro-
cesses, respectively. 
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